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(54) SINGLE CRYSTAL SILICON CARBIDE INGOT 
AND ITS PRODUCTION 

(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain a good-quality and 
large-scale single crystal ingot by growing a buffer 
crystal layer at growth initial period and then growing 
a crystal which becomes a desired body to prepare ingot. 

SOLUTION: In this method for producing silicon carbide 
single crystal using a seed crystal by sublimation 
method, (a) when 6H type crystal is prepared, growth of 
silicon carbide single crystal to which nitrogen is 
added in an amount of 1 x 10 17 to 8 X 10 17 atoms/cm 3 is 
carried out as buffer crystal and addition of nitrogen 
is carried out thereon so as to become desired carrier 
concentration and 6H type single crystal having a 
growing layer in which nitrogen addition amount is «1.5 

times based on that of buffer layer and ^6x10 20 atoms/cm 
3 is grown thereon or (b) when 4H type crystal is 
prepared, growth of silicon carbide single crystal is 
carried out as a buffer crystal while adding nitrogen in 
an amount of 3x10 18 to 6x10 20 atoms/cm 3 and addition 
of nitrogen is carried out thereon so as to become 
desired carrier concentration and 4H type crystal having 
growing layer in which addition amount of nitrogen 



is s 1 x 10 17 atoms/cm 3 and =i0.5 time based on that of 
buffer layer is grown. 
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[sis] mm^^^Mtwm^m-m^m^^itmm 

7 r-Wh LT1 x10' 7 -8 X10 17 at 
oms/cm' oa*JR^-*JSlniL3ttt*Oiaft*ffvv 4HM 
O^SSrf^S-f*t&-g-U(±, /<7 7r-itLT3 X10 
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m&'OJv nzs^x. mmM,mm.t^ m&te-ti-m 

f&Zii£zW.mMl\ttf1 X10' 7 ~8 X 10' 7 atoms/cm 3 <D 
-!I<01.5 ftW±T-^o6 xi02o a toms/cm 3 MT<r>&M 

m i *f * c 1 «■ « e t -r * &<t&*JM&a * > 3* » 

ho 

[«f#*2] #*iii;J:4ttS B B a *ffl^^^fb^^ 

•Wl-fVd's' hUiJ^T, ffl&ASffic:. R*«±U?g 
l£$*l7t£3fcj£SnSa*3 X10' 8 -6 Xiozoatoms/cm 3 <7> 

ftZfcZtxtz, ^ B B B ^f^4HaT-Mm^n*^\ M7 7r 
-B<7)0.5 fgJ.J>TT-75>oi X 10' 7 atoms/cm 3 a±.<7>l&.-B; 

ho 

m^mmumz^x. mmw^tmrn.^ xio< 7 - 

8 X10' 7 atoms/ctn 3 t Lfe&&Mfi t &i : M<0'< "J 7 r - 
i^J±Ki«SnS*3 X10 ,8 ^6 XI 020 atoms/cm 3 £ 

77-|t W— 1\ a3RiSSD**Bf 

[0 0 0 1 ] 
[0 0 0 2] 

[&*<7>l£tfT] ^ffcJit?! (SiC ) HWBHS&irtKttttai 

[0 0 0 3] Ktfb**if«'>i^4rffl^r»*T'/<'f 

LT, 1981 ^UTa i rov h (±tt$£ B B a £ ffl v >^#»W«f aft 
(Yu.H. Tairov and V.F. Tsvetkov, Journa 
lof Crystal Growth vol. 52 (1981) pp. 146-150) „ 

mm&im^tzg-mn&Eiiii<?>mmz® 1 zm^xum 

>%r<r>T-\fi'&.1f*&nxi.<¥ (1 -lOOTorr ) , ffift2000 
-2400KUffllSSSii.*e -«>EK df+^^it^afSsI 



(2) 4f S¥ 1 0- 6 7 6 0 0 

2 

UPj* L7t:Jlf+#x^tt$t a B a ±-C-S$gSjr:i-4 ZtlzX 

(± J£ffc&SS * ( : 7F®.V}7tm *> Z> t» t± * <7> ft fr«> 

B B a tOfI15F»t LTftfeft&fcOU, (n 
/0 M) , +'7*> (pi) tf&ho ^altO^r 

+ 'jrt«t4b*. t* , «*& warn S tt 4 t-* 

/<4xi=J: i)»49fcfi:««?*i4. 150x.(fftS65^ 

Uteffl$*t*^(ifg:&ffi$a*#<b*t.& £ o 1-1 xio 19 
atoms/cm 3 frb6 X10 20 atoms/cm 3 gSEUSIJ^I StL, i 

'&h1XZ> ill X10 1 7 atoms/cm 3 7^<b1 X 10' 8 atoms/cm 

3 fiS(C§IJifll$tv4o i"^^*>^ ttg B B B £fflv^^##|f 

^ B B B a j- x <o mm ? ft^ft^mfsii +oitiis 

20 (±, ^*1 XIO 1 7 -6 xio^atoms/cm 3 <r>mMX^:<r>^ 
mE&lz&CXM'MZtiX^tio ZZX\ TiiliEU 

[0004] do^rfticj: •)*pgojKfias*j|ttjrA'f 

*££^Ht::*$ B B a #f;£ ^-f-T") waft****,, Jfe 
ffcft*U*Jv»-C(±, JS^-<75»eMI^com'i4*t a B a ^B^ 
50 85:^ < «&< 7 )$S B B a #-f^(^-'r > a-y hrtic* 

*-*sa#»o^fca*j|t*sjii *itm-tz, z 

tit, XC£fflO^*^ibi±£.^(7)^^-f*4i; i 

□s^tsm#@ B B a £f^-r.5. ^ t (±ffi^TBssr-*o 

[0 0 0 5] #-tta^©>f >^-y h*^*7>7ci6(^ ^ 
40 ^i-eiC^o^co*S5!i s #^?ivT^-|,o i1\ M. Kan 
aya et al.. Applied Physics Letters, vol. 58 (198 

8) pp. 56-58 izTjiztix^&xiiz^ nm&&&<F>s. 
wtmit-tz z t x% emtmmoit <■) *a«o 

[0 0 0 6] itz, A. I to et al.. Applied Physics L 
etters vol. 65 (1994) pp. 1400-1402 d^Tn^itTV* 

4 J: n iz y Sc. Ce^ t'0#±a^Jg£i.lstn-r i> Z t -C4H 
M«0^ a B a «%±^15iST- btz 0 U#BS§¥7-330493t; 

50 E«lSitrv»4J:d!;, SlS^fta^ifMSau&iftS 



-2- 



3 

(3 X10' "atoms/cm 3 fcLt) KiSJinr* Ctlli 4H 

s <o mmmmma, <r> m& ^mx- $> o * 0 

[0 0 0 7] 

£fflv>T & % 6HM 1 4HS< 7 Hf B |^©coff () frlttiStirC- 
^ffi i*i xmik iia** L t±* L im z z, 0 z ft t z it 

f?«7)SI*^e>^:^4f i L< #!S¥7-3304 
93(l|e«?nT^^,^v*T'ii. ^^TR^tt, ttA 
^ili (nffi&&v>i±p as) , s&u^rurifta:* 

dfct), ^(±:;P B ^M* ? ab-S>o 0iJx.l«f^ ;5 F7-33O493(ClE 
[0 0 0 8] coiii:, f/q^ftRi:ILfc»S 
[0 0 0 9] 

[RiiWfttifcioofft] *#weii, 

«Uiiv»r, a«»l!i:/<77T-|SH*1tiSLfc» 

[0 0 10] 6HMO$t B 1,t{1;S!J-f (4, /<v7t 

-*IJii:Lra**1 xi0' 7 -8 X 10' 7 atoms/cm 3 i£SD 

[0 0 1 1] 4HS<^ B B B £f1:§H- M?7r 
-^StLT^#Sr3 X10 18 ~-6 XI 020 atoms/cm 3 j^jp 
L^^ta^#$S B B B O^Ktff^, £<blc^cD_tU, §f 
S^+t'J TiftSt fc-5> «t o UfcjRjStrafcfrV^ 4HSO 
£j BB £)$;§i~<5>o 

[0012] *»mcj:aj*fiA*JMMK f£ 

H2U«ftWlC*Lfc. HI 2 (a) li, 6HO#HtHSJiL 

»fi>f >rr y SIS B B B Ji(c^i3sSn*^i xio' 7 - 
8 xlO^atoms/cm 3 *>©fl#®ji*6HM<*>/<v 7 r-* 

a'7 7 7-|01.5 ttfJSL±t?*>-06 X ^atoms/cm 3 
TC0Mft^mm@ B B B ®^«$*tTV^ 0 @2 (b) 

?'Stn** f 3 x10 ,8 -6 XI 02° atoms/cm 3 o$&S£jgj»*4H 
lOA77T-|fc, $f»tC-tO±U, SS#B**4HM 
T-ami5iD** ? , /<7 7 7-lO0.5 teUTT'i'OI X 
1 0 1 7 atoms/cm 3 £l± W ft f bS« A* OTB* ?fLTv> 
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-So 
[0 0 13] 

1 xi0 17 -8 X10 1 7 atoms/cm 3 i.1S*D L;t^^J-6HM<Oft 

fba*»a«3j*?K«$ix»<, s*£3 xio ,8 -6 x-io 

20 a toms/cm 3 iStffl Lfc»*Ul*4HfflO|HfcJ£*«a«7» t 
ai/«a«ft*>f «*^«*J=3Wt 
X, xt 7^7o-^i»Si:j: i) ftft&SfJjL&ll^jS; 

<b**t60*i>-CM.ai L/c jiWt'^Jo #B?¥7-330493(CfB|£ 
SitTv^^-ft-Cti, i^igS (3 X10 ,8 atoms/cm 3 W 
±) IZttm+imta-tZ t4HMOft^^ B B B «7)^ 

mzn^^z ti«f sntv»4* f , itis-s xio i7 at 

oms/cm 3 WT(-?Px^*§^{C(46HSc0ftftS^fS B B B 1t^ 

[0014] *1\ «^ B B a £fflv>£ftfbi*mfe B B B j&K 

i:iJ«t*ttiiO*ft»^:iiov»-cJ6'<*o tt*S B B B £ffl^ 

20 (4, fltftto»!iiiJv>rJi««*»5^**, 

ii:*itriixf7 7-70-^^^^-;. 

fflv^riSiWi-^>o «f&^*««wci±, @ B B B fiStS*iSi; 

PJit L ^a B B H «fiK)lT-* 4 v»Ji^f-j&«, SIT- 2 ;£7Cfit> 

3 *7C«J«fl«S:»«: U 
^•ft*^ t) if L T < c t C i 0 ^ B B B fig«7i s itff f 4 
(13 (a) ) o —IS, Xfy^n-SIiStli, 
*S B B B ^SS®t;iiJit Lfctt*«*8K?-*4 t»(ifl^-3*», 

J0 i I) tt*«>«!ft**ilfT LTV»< (S3 (b) ) o «@ B B a 

^fflv^^#*s$s B B B( £u «t ^ ^fbtfcoJM&ajaauii 
ttfmimtf& 

^(i^fl^M^t-^^o -73, ««0«tiJH*»<b»)Hl-j&» 
ttT<±, xi 7y«$S^< it) (fS B B B fi!c««MA 5 ¥ 
«*f<f . i^$g B B B ^**lSii-t'5,^ 

40 [0 0 15] ^(C, -ett-TtLO^S^JZiJV^T. ffiK 
So f-T, fcffe^lSftffeSl-U^Tli, 6HMx 4Hffl, 

*i:*S<i(Efft4. -7j, xt77-7n-Sfta«!: 
iiv^TJi, ggii^*^v>IJ&?^XT7 -/CflXi) 

&iti%tfbi&&-t2>t:ib. Tmrniktomrnxjozm?- 
nmmmM. -r^^^^mimmm^iz^izBib 
so 'm*tiz> e iot, z<r>iS;mm£:i!>mm.2titii£. mm 
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i:HCtoi:44. TM@ B B B w@ B B a #-Bil *5 

[0 0 16] *ft«*<0#HB**, RKglaffi 

&frbfe¥izfrlix(txf- y^n-lgi^i:,!: !)« 

£6Hffl£>4>vM±4H2![:§lJf}p-t&o iOlg, *l&H^#f>75 J 70 
IHiUfc, x10 ,7 -8 X10 1 7 atoms/cm 3 i&iJIJL 

fc»^U6HfflOttJft1gj&*5&MiL*i-<, fi3?t£3 X10'8 
-6 X10 20 atoms/cm 3 jSiDL^S-^iZJiWiaOiHri^** 

f7-7'7D-MiS:i:J:')ffi#n, CORK ttfto 

10 0 17] **Eft*iStn-r4c:fc<i, jittttttAoS 
fc, #S¥7-330493'Ci±, TOfctttigftnc: J: ') 4tJI#««: 
***0fflU«» &&&mZM®>-tZ>BMX\ ttzXf-y 

77u-A9m&ii t icKin*&x+m. mmui*, ^ B B B 

[0 0 18] /<yy T-m<7>W2li. 

2 -3mm *l)g7«SS-e£>4 0 7 r -/f 

a B a $:fi£«i-^^atra-T-*^^i:75^ffl±Mi Lv> 

h*SStl.^!:i±> 6Hffl<0JH— ^®«0J|te 

<o*-#ff^*@ B B B ^i Lv»a f , m<om&&fcm&& 

[0 0 19] 

(Xttffll) WTi:, ^ffl^WB^^. 14 
B B a ft i ; ± o r #$s a Kflaa* fciffifiS-fr&gso-tfo-c- 50 



If B§¥ 1 0-6 7 6 0 0 

6 

^tCi!) ftfrtlZo ItttAO&ft&Stt A 1 (i, M#S 

filP* 3 <og 4 wrtntiJR 0 ttct b fib* iWMofcim 
0<tT^P.I&®ifJgi3ii, -*5$£tt5<0|*J§BU, SiS 
t±, ^v-^ KOfc^^IM?!* h 7 75 s t5g$tT,T 
m% (10- 5 TorrWT) "T 4 - t § , *"3|*3«5»BlR; 
WB^M 5 (OJHUli , 7 - * n * 8 rt s I£M § HX £ 
L> !l*4Ry ; -tt^ a |Sr^fM<7)i B .S(;*a^i-4 ct^fi 

4 0 

[0 0 2 0] ^(i, C<7)$S B B B ^«^Stffl^7t:^fl:a* 
*.® a B a w^jt(co^T*mta)^^i-4> 0 i-r\ a^ B Q a 
t L-C, 10001} jfcfb£XJ|LttA9.2^*fli*l, 

S4 0|*lM(C^!)#lt7to d<0lS, (000-1) M3f?ffi3&*ffi 

JS3<7>rtSPtc«±, ^ka«^*^2 *ft*L*:o -Xv^ 

tS4-eB Ii&S7x;p h 7 -CttBLfcflL Sli&S 
3t«P*6 0JiJr**» zi5*f5 0fi«i:RILfc. 

( : IgiS ^ri^L J^.^l-iaap * ffift2000S i T*±if tz Q %<r> 
fife, fl^^t LTArtfXSriiEAS-*, 
?r^600Torr(C^*>^7i J fb, H#SRSrg^filS-e*4 
JSK2380R i T-±# ? -ti: tz „ ^ift K^J T-ab 4 1 5To r r ( Z It 
^3053-^ttTiSEL, i-rM#«R* J 8 X 10 1 7 atoms/cm 

3 ttT^<7 7 7-i*« «FW*ftL^o -e-^m, « 

mcoi&m&mitm.sm zmx-tb^tzo 
[0021] zntxn btitzmmm&mfk -o^y 
vtKDgiik&w^citznmirzBmx', ssitfi 

a B a ^>n'y h^rfiScS?^ (0mm -3mm ) . (3mm - 

10mm) , mm (10mm- 16mm) (-^•ttT^OEBf L^o *tl* 

tL<r> i&gfsipg t; m m -r h see w$sn b a a tmtaf 

-#fW6Hli:ic.tv>4i t«r5ISL^o -f-Oft. S. 
»lSi*^15rSI<4fc6i:, #«fi[35"b (00011 
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&lJ}ffl<OWtfsLtfn ir*tf*8 X10 1 7 atoms/cm 3 J-J,T# 
*Ltv>4Ct (ffl^iSS6.1 X10 1 7 atoms/cm 3 ) £St 
g-U SfcUJftft+JDk ftJWOSCfi^n It-8.0 X10' 8 
atoms/cm 3 OMMW^xlS A^T~^^Z> Z. t Sr5tSSLfc 0 
[0 0 2 2] («&ffi|2) Affiffijl tmC^BUcJ: 06H 

aofooon ^x^^i^t ut, (ooo-i) stmmtm 

$#5t L fc ft , 7 - * n A ;u ( ; Z ffi. L If fKSJg 4- m 
R2000mtX'±lftz o toft, ^m%.JfX t LTAr^X 

££j600Torr U f£ *, a* <b , WMfeSZiB 
«tf;2360S i -C±# $ * 7t o ftltE* T & « 20To r r [Z f± 
^30^^ltT«EL, i-f£3?£3 X 10' 8 atoms/cm 3 11 
±.ttLtc/<7 yr-m&i3 ^BftftLfco toft, 

SSLitfigS'f >n*-7 ftJtlflW (0mm -2mm 

) , (2mm -8mm ) , ftffi (8mm -14mm) iC^-lt 

ffig-f master*— pffi.<r>mw.\.zt£-?x^z>zh zmm 

4Hfflfc6HfflO«a=a«Jl<b:ft.fca*, ftKB8&ft1mm fUSlft 

X\ {0001} ^i/NSriajmU Wgft, — 

* > K ***f t * - A- iM 36 * If o fc o Zl#: * > 
Wt*-A}89^UJ: i)> flEftttMottttjMi MT-8.2 x 
10 18 atoms/cm 3 OS&Jf^f-fc-gT^ £ t £{|IgL, 
£<bUftfi4>»3, ftffiOg&fl^n Ittf*5.9 X10 17 
atoms/cm 3 , sfc^SSSrl.l X 10 1 7 atoms/cm 3 , 7*5- 
?A£2.8 X10 16 atoms/cm 3 ^tLTV»4C t t»EL 

[0 0 2 3] (*M^J3) ^Jfe^iJl tl^U^KIIZJ: 04H 

so (0001} v^&mm&t Lxwrnmazmm. 5 

L8K#aS*«ft2Q00«E4-C±»ffco f^fi #H*** 

S^tWIITjSr&eOOTc-rr , H^-jaiS 

*B«ai*-e**«ft2380Kt-CJi#5-li:fco ftSJE*) 
T-*^10TorrUI±^)30^ttTjeEL. S3§*3 X10' 8 
atoms/cm 3 W-ti&tra Lfc/<? V r £3 WtIL 
fco -£Oft, -Hj£ftfc*jhU itfiSfc^iPft, «»0 

(CAI2 0 3 Sri Sift ^fr$-£7t*>0£ifi-Ja3 (C5fc» 

±{z#v»-cv»4 t<0«:flX:)#{t7to Ala 0 3 <i, TfTBSo 



(5) 1 0- 6 7 6 0 0 

frbmmz#)-{z&&Lt:o toft, 5^*01*1 

LTAr#X£uSA£-*i\ H^WrtE^^^ieOOTorr (l« 
*> 4 ** , <Ifl-fiS * 1 ^> «^;2380* £ T'± 

If- ? * tz o T-* ^ 1 0Tor r ( : l*$]30frfr tfXifcK. 

L, T A 5 - ^ A mm L j^fbS*#^ B B B * 1 5B#Ffl ft 
SLfco -O^OftSiSKii^Jl.Omm »B#T'*o^ 0 

JO [0 0 2 4] Lx&htitzmvsm&tfc&j >=f7 

B B a ^>rj* / h^r, ftS^ffl (0mm -3mm ) , (3mm 
-12mm) , ftffi (12mm-18mm) IZfrliXtym Ltz 0 ttl 

*-|Hgo«ffli:SroT^4;kiaiBLfc, -toft, 

TOM&fcKfcHWffliH^sfcau, #scfi:^<b 10001} 
iffl 5e * ff o o - * -f * > K»**f t * - A )IU 5e I = X 

20 'k ft^^osr»(3id ? n mxmmm^-is.s xio i8 atom 

s/cm 3 MLTV^Zt«r«EL (*^*itS, r;U5 
-•^AjftJSli, -g-tL-tm X10 ,7 atoms/cm 3 SIR, 3 X 
10' 6 atoms/cm 3 , ?f>tCftS*ffi, ftffiOgBffi** 

p lt«.5 X10 1 8 atoms/cm 3 OTA 5 &m=F**3 

)SI±, ttv-€-*tL6 X 10' 7 atoms/cm 3 HJR, 1 X10 ,7 atom 
s/cm 3 i([-e*ofc) o 
[0 0 2 5] 

KWO»*] BLhllSUi^i:, CO%^lcJ:*t 

•v 'J TiftS^Or'/U xftWL±mM%®mz®m*$:W 
^:fkS^**S B B B ^ftftffl*«t LTfflv, ^ffiik'^^r 

40 [mi] ««a*fflv>fc«wttflaoK3*ttw-r* 

[112] *»WUJ:4Kfl«*iMift'f F^iS 

[a 3 ] a^ B a B itm^tz&mismikmz i **fb4*jn 

^ B B B ftgUi3{t^2oo^ B B B ftg«^:: (a) ^%5tft 
(b) X-r-y-/7n-jfc«abSco«^£«*tW 

Id 4] ^:^<0^di^i£Uffl^fb^^m?S B B B ftfi^a 

o— ^3 £ ^-ffllftll-e* s o 

50 m^mm] 
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t a ) CHfi^^S^ea-f X?> h 




6HS'<»7T-g (SS&5E: ixioi^sxio'W) 



«/l7 7»-g <«S««3X10 I8 -6X10 !< W) 
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(7) 1 0- 6 7 6 0 0 

(72)%^# £ft (72)#Pfl# ^ IE& 

»^il|*JH«ifflj4»WE#Bai618*«i frB »£lll!fc)l|«frtT«t'flKE#H1618#* frH 
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